The results of operative treatment in 83 patients with idiopathic hypertrophic subaortic stenosis (IHSS) are described. Most and treatment of patients with idiopathic hypertrophic subaortic stenosis (IHSS) has been one of the principal areas of interest to the physicians and surgeons of the National Heart and Lung Institute.
All 83 patients were severely incapacitated 58 in Class III and 24 in Class IV. Seventy had obstruction at rest (average gradient 96 mm Hg), and 13 had only provocable obstruction. At operation the hypertrophic interventricular septum was exposed via an aortotomy, and a vertical bar of muscle was resected between parallel myotomy incisions. There were six operative deaths (7%); no patient has died since 1970. Seven patients have died late after operation, five of them from causes unrelated to their heart disease or the operation.
All surviving patients describe symptomatic improvement. Fifty-two patients with obstruction at rest preoperatively (average gradient 95 mm Hg) have been studied postoperatively: no resting gradient was evident in 47 , while in the remaining five the gradient was less than 25 mm Hg. Recurrence of obstruction has never been observed at late catheterization (21 pts) or late echocardiographic examination (37 pts). Obstruction could not be provoked postoperatively in ten of the 11 patients who had large gradients only with the Valsalva maneuver or isoproterenol administration preoperatively. Obstructed and provocable obstructed patients had similar symptomatic improvement after operation. A variety of rhythm and conduction abnormalities were observed both pre and postoperatively, and these are described in detail.
The results of operation in these 83 patients with IHSS demonstrate that gratifying symptomatic and hemodynamic improvement uniformly follows left ventriculomyotomy and myectomy. Relief of obstruction and amelioration of symptoms have proved to be long-lasting during postoperative observation periods extending to 14 years. Continued application of the operative procedure in properly selected patients appears to be indicated.
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RESULTS OF OPERATION IN IHSS
operated upon. The present report summarizes the pertinent preoperative clinical and hemodynamic findings in these 83 patients and the results of continuing postoperative evaluations over intervals of 1-14 years are presented. The operative methods utilized to relieve obstruction in IHSS have been modified, and the techniques in current use are illustrated and described in detail.
General Considerations of Management in IHSS Patients
Relatively few patients with IHSS require operative treatment, and to place this mode of therapy in proper perspective, the general plans of management utilized in patients with IHSS are outlined.
It Occasionally a patient is encountered who has severe obstruction at rest, but few or no symptoms attributable to heart disease. Currently, we do not believe that such patients should be operated upon, since the course of the disease in these circumstances is not well defined, and there is presently no evidence Thus, the patient with IHSS who is an operative candidate: 1) is severely symptomatic, 2) is not significantly improved by optimal nonoperative treatment, 3) has severe obstruction to left ventricular outflow at rest or with provocative interventions, and 4) has no serious intercurrent disease.
The Patients Operated Upon At the time of operation the 83 patients ranged in age from ten to 67 years (mean 41 years); 46 were men or boys and 37 were women or girls. In the text the patients are referred to by numbers indicating the chronologic order in which they were operated upon. The first operation was carried out in January 1960.
All patients described symptoms related to their heart disease, and the prevalence of specific symptoms is detailed in table 1. One patient was in New York Heart Association functional Class II, 58 were in Class III, and 24 in Class IV. Each patient presented the physical findings characteristic of IHSS. Seventy-one patients had stable normal sinus rhythm at the time of operation, three were in stable atrial fibrillation, while nine were in normal sinus rhythm but had had paroxysmal atrial fibrillation on numerous occasions. Electrocardiographic evidence of left ventricular hypertrophy was present in all patients. Conduction abnormalities of several types were noted preoperatively in 29 patients. Four patients had complete left bundle branch block (LBBB) preoperatively; one of these patients had had an unsuccessful operation performed previously at another hospital. One patient had complete right bundle branch block (RBBB), and another had left posterior fascicular block (LPFB). One patient demonstrated RBBB with alternating LPFB and left anterior fascicular block (LAFB). Twenty-two patients had electrocardiographic findings consistent with pure LAFB. In seven of these 22 patients the mean QRS axis was more leftward than -450.
Cardiac Catheterization
This study was carried out preoperatively in all patients on one or more occasions. In a given patient the presence and magnitude of the systolic pressure gradient within the left ventricle was often different at sequential studies. Therefore, the data utilized in subsequent analyses are those obtained at the catheterization which most immediately preceded operation. In 70 patients studied under resting basal conditions a large systolic pressure gradient, ranging from 40 to 210 mm Hg (average 96 mm Hg), was recorded between the left ventricle and the aorta or a systemic artery; these patients are designated as obstructed. In 13 patients no gradient was present at rest in nine, while small Anesthesia is usually induced with morphine and maintained with halothane and a muscle relaxant. Halothane is preferred because its negative inotropic effect is known to lessen the severity of the outflow obstruction in this disease."`Hypotension is an uncommon sequel of anesthesia, but if it occurs intermittent or continuous infusion of methoxamine or phenylephrine is indicated.
The patient is positioned supine, and a complete median sternotomy is made. The ascending aorta is freed to the origin of the innominate artery. A single venous cannula is passed into the right atrium; femoral arterial cannulation is usually carried out except in older patients. Cardiopulmonary bypass is instituted, after which the heart is elevated and a left ventricular drainage cannula inserted through an apical stab wound. The patient is then cooled to an esophageal temperature of 30°C, and the ascending aorta is occluded. A vertical aortotomy is made and extended obliquely to the aortic annulus in the noncoronary sinus of Valsalva ( fig. 1) Figure 1 OpJeraltivu expousuire of the interoentricilar septutmi in preparation for left centriculomyotomy and myectomy. After mnedian sternotomy, 1y)/Lpas is instituted, gerneral body hypothermia induced (300C), and the aorta is opened vertically. Tre bi)ilgiiig hiypertrophied septuoi is visible below the right coronrary valve leaflet. A ridge of thickened white endocardoirn is alwtays evidetit on the roost prooiinent part of the septum, the site at which it is apposed by the anterior mitral leaflet dtIrinig sylstole.
the ridge or bulge of hypertrophic muscle in the interventricular septum is visible below the base of the right coronarv valve leaflet. Posteriorly, the anterior mitral leaflet is seen, and is often obviously thickened and opaque. The right coronary leaflet is then retracted with a special clothcovered retractor, and, after the heart has arrested and become flaccid, much of the septum can be rotated anteriorly and into the operative field. On the most prominent aspect of the hypertrophied septum the endocardium is always seen to be thickened and heaped up into a transverse ridge of fibrous tissue (fig. 1); this endocardial scarring is the site at which the septum is contacted by the mitral leaflet during systole.
From an assortment of flat ribbon retractors, one is selected which will pass freely but snugly through the aortic anniulus; in the usual adult a retractor 24 or 26 mm in width is appropriate. The retractor is passed through the aorta to the apex of the heart, displacing and protecting the anterior mitral leaflet and papillary muscles behind it ( fig. 2 ). The tip of a #10 knife blade, attached to an angled handle, is then passed into the septum just below the base of the right coronary leaflet at a point 2-3 mm to the right of the commissure between the left and right coronary leaflets. The blade is inserted through the septum toward the apex for a distance of about 4 cm, and is then withdrawn as its cutting edge incises the septum with a sawing motion directed toward the ventricular lumen and the retractor ( fig. 2) first one anid about 1 cm to the right of it. Both incisions are then palpated; at the most prominent part of the septum the incisions should be about 1.5 cm in depth, and, if necessary, the muscle fibers are split by digital pressure to achieve this depth. With a conventional knife a transverse incision is then made at the base of the right coronary leaflet connectirng the proximal portions of the myotomies ( fig. 3) . A traction suture is placed in the end of the bar of muscle which has been isolated, and the bar can be freed from the surrounding septum for a variable distance by incision of its attachmenit unider direct vision. This is usually not possible deep within the ventricle, however, and the suture is passed through the opening of a rectangular knife, the blade of which is 1 cm in length ( fig. 4 ). As traction is made on the suture, the rectangular knife is pushed toward the apex, freeing the remainder of the muscle bar from the septum ( fig. 5 ). The bar of muscle can usually be excised intact, but sometimes breaks or fragments. In this case the resection is completed with the special angled rongeur shown in figure 5* An alternate method of resection, not utilizing the rectangLular knife, is useful. The two vertical myotomies are made and cornnected transversely as described above. The muscle bar is then grasped with the angled rongeur and the instrument is pushed firmly toward the apex, peeling the [The special retractors, knives, and the angled rongeur utilized in the operation are available from Codman & Shurtleff, Inc., Ran- lolph.i Mass. 02368. Figure 2 After the heart has arrested and becomie flaccid, the right coronary leaflet is retracted with a cloth-covered retractor and the mitral leaflet and papillaril muscles are? protected with aflat ribbon retractor passcd through the annulus to the apex. The first myotomy is oiade wvit/i an angled-hanidle knife just to the right of the comnmissuire between the left and right coronary leaflets. The blade is inserted into the septuni, in the long axis of the ventricle, for a distance of cni an1d is withdrawn with a sawing motion directed toward the ventricular lunien arid the retractor.
mtusele from its anterior septal attachments. After completion of the resectioni, a rectangular channel about 1 X 1.5 cm is palpable from the valve ring toward the apex for a distance of about 4 cm. The appearance of the resected area of septLum and its relations to the aortic valve leaflets are shown semidiagrammatically in figure 6 . Also illustrated is the area of the conduction tissue which must be avoided in carrying out the procedure.
Both coronary arteries are cannulated and perfused during the remainder of the period that the aorta is open. The left ventricle is then irrigated with several liters of saline soluition to remove any particulate matter. The aortotomy is closed as the patient is rewarmed, and air is evacuated from the aorta through the incision as the aortic clamp is removedl. The heart is then elevated, and air is evacuated through the apical stab wound which is then repaired. The heart is defibrillated and bypass discontinued. A temporary pacing electrode is attached to the right ventricle to provide postoperative control of heart rate should this be necessary.
Postoperative care is similar to that for any patient undergoing operative treatment for aortic stenosis. Atrial fibrillation occurs in the early postoperative period in approximately 10-15% of patients; because left ventricular compliance is diminished, the loss of atrial contraction may be poorly tolerated, and prompt cardioversion is usually indicated. l)igoxin is administered to patients who have had transient atrial fibrillation, and they are also given quinidine for six weeks after operation.
Results of Operation
Seventy of the 83 patients operated upon are living. Six patients died during the hospital admission at which operation was carried out (7.2% operative mortality in two early patients (3 and 9), operated upon at a time when the relations of the conduction system to the interventricular septum were not fully appreciated and, inexplicably, in a recent patient, 67; all three patients have implanted pacemakers. Small interventricuiar septal defects were created at operation in two patients (9 and 55); in each the resulting left-to-right shunt is small, Qp/Qs 1.4 and 1.3, respectively. In three other adult patients the operation was uneventful, but interventricular septal defects were discovered when studies were carried out six months postoperatively. Each of these three patients had an illness characterized by chest pain, fever, and congestive heart failure 4-6 weeks after returning home, Xs traction is mnade atn the mulscle bar, the rectaingular knife is pushed toward the apex, freeing the muascle bar from its anterior attachments to the septumn. The apical portion of the resection is often more easily accomplished with the ronigeuir, whzich may he introduced via the aorta or, alternatively, via the apical stab wound. In the latter case the rongeur is positioned anid directed by tlhe left inidex finger passed through the valve ring. ,SetndliaigrariTitatic., representation of the opened left ventricle illuistratiizg the area and extent of septal resection and its t r lationtslzipzs to the aortic colvi leaflets anid the adjacenit rmernbranous septu2m and conduictionr tissute. atypical or diseased septal blood supply. In two of the three patients the left-to-right shunts are small, and no treatment has been necessary; in patient 35, in developed progressive right heart failure with massive edema and ascites, and was also a chronic alcoholic. At autopsy the left ventricle was found to be thin-walled and dilated, suggesting that alcoholic cardiomyopathy may have been primarily responsible for his terminal illness and death. In the four remaining patients death was unrelated to cardiomyopathy or the operation (table 2) .
Distinct symptomatic improvement has been described by all patients. Fifty-nine presently surviving patients have now been followed for at least one year, and up to 14 years; the mean duration of follow-up in the entire group is 5.7 years. The functional classifications (NYHA) of these patients preoperatively and at the time of most recent examination are shown graphically in figure 7 . The prevalence of specific symptoms before and after operation will be described in detail below, when the results of operation in patients with and without obstruction at rest are considered. In brief, however, improvement or abolition of dyspnea, angina, and left heart failure have occurred, and no patient has had syncope after operation. The single patient in class III is patient 9 who has complete heart block, a pacemaker, and operative ventricular septal defect. Her left-to-right shunt is small (1.4:1) but she has developed severe pulmonary hypertension (85/30 mm Hg). She is grossly obese and has also been shown to be a paranoid schizophrenic; no further operative treatment is contemplated. Cardiac catheterization has been performed postoperatively, on one or more occasions, in 63 patients. The initial postoperative study has usually been made at 6-9 months after operation, and in 21 patients later assessments have been made as well. In patients who have had more than one postoperative catheterization, the data presented are those obtained most recently. Also included are data obtained in six patients who subsequently died. The hemodynamic findings in patients with and without severe obstruction at rest preoperatively are noted separately.
Patients with Obstruction at Rest Preoperatively
The peak systolic pressure gradients between the left ventricle and a systemic artery recorded under basal conditions pre and postoperatively in the 52 obstructed patients who have been studied postoperatively are plotted in figure 8 . Preoperatively, the gradients ranged from 40 50 mm Hg. Isoproterenol was administered to 32 patients who had had obstruction at rest preoperatively, and the results of this provocative intervention are also illustrated in figure 9. After operation no gradient could be provoked in 15 of the 32 patients, while in 17 patients a gradient appeared or an existing one was intensified by the drug. In only four patients did the gradient exceed 50 mm Hg. In nine patients a residual gradient at rest was found to be present at the first postoperative study ( fig. 10 ). All nine were subsequently restudied, and in seven of the nine patients the residual obstruction evident early postoperatively was shown to have resolved completely at later study. Another 12 patients did not have intraventricular pressure gradients at the first postoperative study, but were also studied later; no gradient was ever evident at these subsequent studies. To elucidate further the long-term efficacy of operation, echocardiography was utilized to estimate the left ventricular outflow gradient47 in a total of 37 patients who were studied six months to 12 years after operation (mean 6.2 years); none showed recurrent outflow obstruction.
Pre and postoperative determinations of the left ventricular end-diastolic pressure (LVEDP) were made in 52 patients obstructed before operation. The pressure fell in 31 of the 34 patients in whom it was abnormally elevated (> 12 mm Hg) preoperatively, Prior to 1967, operation was only recommended to patients with IHSS when a large gradient within the left ventricle was demonstrated under basal conditions. In that year, however, patient 23 was referred, in whom both symptoms and findings were those of severe mitral regurgitation, and the intraventricular gradient was only 26 mm Hg. At operation, palpation of the mitral valve revealed severe regurgitation, but immediately after myotomy and myectomy the valve was completely competent, and the patient derived excellent symptomatic and hemodynamic benefit.28 Since that time 12 additional patients who developed severe obstruction only with provocation have been operated upon. There have been no previous reports of the results of operation in such patients, and for this reason an analysis of their courses in comparison to those of the larger obstructed group seems indicated.
Of the 13 patients there were 11 men and two women aged 17 to 59 years (mean 38 years); there were 35 men and 35 women in the group with obstruction at rest, ranging in age from 10 to 67 years (mean 43 years). The symptoms described preoperatively by the 13 patients with provocable obstruction were similar to those of the 70 obstructed patients. The prevalence of dyspnea, angina, syncope, and orthopnea were essentially identical in the two groups, but paroxysmal arrhythmia and the triad of angina, syncope, and failure tended to be more frequent among patients with only provocable obstruction. There was no difference in the distribution of patients in functional Classes III and IV between the two groups, and the preoperative and postoperative hemodynamic findings have been summarized above.
All of the 13 patients with only provocable obstruction are living, and 11 of them have been followed for one year or more. The symptomatic status of these 11 patients is compared to that of the 48 RBBB preoperatively. The patient with RBBB and LAFB alternating with LPFB had permanent atrial and ventricular pacing wires implanted at the time of operation, though he has had stable RBBB and LAFB since. As mentioned above, three patients developed complete heart block at the time of operation and all have required permanent pacing.
Comparison of electrocardiograms at discharge and at latest follow-up (mean 5 years), has shown significant changes in conduction in two patients. One patient (23) These data suggested that free wall hypertrophy in patients with obstruction to left ventricular outflow could be reversed at least partially by operation, and are consistent with the hypothesis that free wall thickening in this group of patients is secondary to the left ventricular outflow obstruction. These conclusions can be regarded as only tentative, however, until changes in free wall thickness can be studied in the same patients pre and postoperatively. To date, echocardiograms suitable for measurement of wall thickness have been obtained in 13 patients preoperatively and again six months postoperatively. In two of the 13 the posterobasal free wall of the left ventricle had decreased in thickness by 2 mm or more. In two of the 11 patients in whom free wall thickness was unchanged at six months, echocardiograms were also recorded at 18 to 24 months. In one patient significant (> 2 mm) thinning of the posterobasal free wall was demonstrated, while in the other the wall thickness remained unchanged at this time. IHSS 
